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(54) Pattern recognition 

(57) Physiological electrical signals 
such as electrocardiograph signals are 
converted to digital form, amplified to a 
standard maximum amplitude and 
analysed by a computer. The analysis 
may calculate the ratios of energies 
above and below an isoelectric line, the 
statistical distribution of gradients, the 
frequency of a maximum negative 
gradient and the zero content of the 
signal. The analysis may be used for 
detecting ventricular fibrillation. 
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SPECIFICATION 

Pattern recognition 

5 This invention relates to methods and apparatus 
for pattern recognition of electrical signals of 
physiological origin. The invention may be used for 
automatic diagnosis of heart conditions, especially 
for detection of conditions wnich may require defib- 
10 rillation. 

Ventricular fibrillation often occurs during a heart 
attack and is commonly fatal unless treatment is 
applied rapidly. Ventricular fibrillation is a condition 
in which the heart has ceased to pump orhas spas- 
15 modically irregular contractions, accompanied by 
chaotic electrical activity. 

The operation of a patient's heart may be moni- 
tored using an electrocardiograph, which receives 
electrical signals from the heart through a pair of 
20 electrodes, commonly attached to the patient's 
chest, and displays the electric pulses received on a 
display screen, usually a cathode ray tube, using a 
suitable time-base. The trace obtained can be 
inspected by a physician and indicates the behaviour 
25 of the heart. However correct interpretation of an 
electrocardiograph (ECG) trace requires consider- 
able training because of the variety of heart condi- 
tions giving rise to different traces, some of which 
are superficially similar. An incorrect diagnosis from 
30 an ECG trace could have very grave consequences. 
It is desirable to process the signals from an ECG 
automatically to distinguish the normal electrical 
behaviour of the heart (normal sinus rhythm) from 
abnormal behaviour, especially to identify fibrilla- 
35 tion which will generally require very rapid treat- 
ment. Such processing might be carried out using a 
series of electronic circuits which together form a 
pattern recognition system. However such an 
arrangement has the disadvantage that the charac- 
40 teristics of the signal received from the patient, as 
evident from the shape of the ECG trace when dis- 
played on a screen, are liable to be distorted by the 
electronic circuits, including RC circuits, used so that 
a false diagnosis of certain heart conditions may be 
45 obtained. This difficulty is exacerbated by the fact 
that no single measured criterion can be used to dis- 
tinguish reliably ventricular fibrillation from other 
heart conditions and so several parameters must be 
analyzed. This makes the circuitry required compli- 
50 cated, bulky and expensive and increases the proba- 
bility of distortion. 

The present invention is intended to provide a 
method and apparatus for analyzing electric signals 
in which distortion of the signal by the apparatus 
55 itself is reduced to a minimum. 

It is applicable to automatic analysis of physiologi- 
cal electrical activity, especially the electrical 
behaviour of the heart, particularly to distinguish 
ventricular fibrillation from normal sinus rhythm and 
60 from other conditions such as ventricular tachycar- 
dia. 

According to one aspect of the invention there is 



provided pattern recognition apparatus comprising 
a pair of electrodes adapted to be connected to the 
65 body of a patient to receive an electric signal flue- 
. tuating about an isoelectric line, means for sampling 
the signal received at intervals and converting the 
magnitudes of the samples from analogue to digital 
form, automatic gain control means for standardis- 
70 ing the magnitudes of the digitised samples to a 
predetermined maximum value, and a computer 
arranged to analyze the standardised samples to 
. detect an abnormal physiological condition. 

Embodiments of the invention will be described 
75 below as applied to an electrocardiograph, although 
it will be understood that the invention in its broad- 
est aspect may be applied to the pattern recognition 
of electric signals from other sources. 
In one embodiment the apparatus of the present 
80 invention, when applied as an electrocardiograph 
comprises a pair of electrodes which may be 
attached to the patient's body in order to detect the 
electrical activity associated with the heart beat. The 
electrodes may be implanted but it is generally more 
85 desirable to use external electrodes which are 

attached to the chest. The electrodes are connected 
by suitable leads to the remainder of the apparatus 
which processes the signals received. 
The signals received through the electrodes are 
90 fed to an analogue -* digital converter in which they 
are expressed in digital form and the digitised sign- 
als are then analyzed. Once expressed in digitiai 
form, the information obtained from the ECG will not 
be altered by subsequent circuitry. The analogue- 
95 digital converter samples the signal received from 
the electrodes at suitable intervals, for example 
0.004 seconds and the information thus derived may 
be stored in a digital memory. 
When analyzing an ECG signal it is desirable to 
1 00 study the QRS complex of the signal obtained, which 
is the component characteristic of normal sinus 
rhythm. However the QRS complex is generally 
accompanied by other signal components which 
may be considerable amplitude, such as P and T 
105 components. In order to eliminate these compo- 
nents it is possible to attenuate all frequencies from 
the original signal below 3 HZ and above about 18 
HZ, the frequency range in which the QRS complex 
is situated. This may be achieved by inserting low- 
1 1 0 and high-pass filters in the circuit between the elec- 
trodes and the analogue-digital converter. A suitable 
filter arrangement is a Sallen and Key band pass fil- 
ter. The RC elements in such a filter will introduce a 
small distortion in the wave-form received by the 
1 1 5 converter, but it has been found that this distortion is 
small enough not to interfere seriously with subse- 
quent analysis of the signal. 

When the real-time digitised signals have been 
stored they are first subjected to an Automatic Gain 
1 20 Control (AGC) sub-routine to standardise their amp- 
litude: this step is required because the amplitude of 
an ECG signal may vary considerably from patient to 
patient. The AGC sub-routine takes the greatest 
value from a suitable number of successive sample 
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values (such as 250) and deduces from the value a 
scale factor by which all the samples are then multi- 
plied. The scale factor is chosen such that the highest 
value, after multiplication, corresponds to a max- 
5 imum limit which is determined by the operator. 



Reference is made to Figure 1, in which the trace 
shov^i »s that of a-r. ^multiplied ECG trace and the 
maximum limit set by the operator is shown: Figure 
2 shows the appearance of the trace after multiplica- 
10 tion of all the samples by the scale factor. Thus: 



A __ Value befor e AGC x Maximum limit 
Value of a sample after AGC = Maximum value. 



This procedure is repeated for successive batches 
of samples until a suitable total number of succes- 
sive samples (such as 1000 samples) have been pro- 
cessed. The multiplied samples are then stored in a 
15 memory. 

After the AGC stage the multiplied samples may 
then be subjected to a series of tests to detect an 
abnormal physiological condition. These tests may 
be carried out using a computer installation contain- 
20 ing a programme comprising a series of sub- 
routines to carry out the various tests. The following 
description describes a series of tests which may be 
used to detect ventricular fibrillation. 
One such test depends on the presence of a sub- 
25 stantial amount of zero content (isoelectric seg- 
ments) in the normal sinus rhythm wave-form, 
whereas the zero content in ventricular fibrillation is 
very small. This is evident from Figure 3a, which is 
an ECG trace of normal sinus rhythm, and from Fig- 
30 ure 4a which is an ECG trace from ventricular fibrilla- 
tion. If the computer carries out a sub-routine to 
measure the proportion of the samples having a zero 
value, a proportion above a predetermined amount 
may be considered as "normal" whereas a propor- 
35 tion below this amount is taken as indicating poss- 
ible fibrillation. 

As may be seen from Figure 3a the base-line of a 
normal sinus rhythm signal is not perfectly isoelec- 
tric owing to noise and the presence of P and T 
40 waves, which may have passed the pass-band filter 
in an attenuated state. This base-line irregularity 
may be avoided by using a floating zero which may 
be set by the operator at a suitable value, e.g. 20% of 
the maximum limit above the true base-line. Figures 
45 3b and 4b show the effect of this operation on the 
traces of Figures 3a and 4a respectively. It can be 
seen that the zero content of the normal sinus 
rhythm (NSR) trace is increased by a large amount 
and that of ventricufar fibrillation (VF) while being 
50 increased somewhat, is still much less than that of 
NSR. 

Using this test, a proportion of zero content of at 
least 680 samples from every 1000 (68%) is regarded 
as normal. 

55 The validity of this test may be affected by distor- 
tion introduced by the band-pass filter. Some types 
of ECG trace may be distorted to produce trace ele- 
ments of shape shown in Figure 5 and the presence 
of these elements will reduce the zero content of the 

60 trace. In order to eliminate this effect it is possible to 
invert the signal and repeat the above-mentioned 
test, still using the floating zero. In most cases inver- 
sion of the signal gives an increased zero content 
and the signal is again classed as normal. 

65 Distortion of the original signal caused by the filter 
can be removed by omitting the filter and introduc- 



ing a further sub-routine into the programme to 
remove the undesired frequencies. However use of 
such a sub-routine makes the programme much 
70 more complex and consumes computer time which 
is valuable in an "on-line" system of this nature. 

The above-described test can be ambiguous on its 
own because of other possible heart conditions, 
such as ventricular tachycardia, which also have a 
75 low zero content but are distinct from fibrillation. A 
portion of an ECG trace showing ventricular 
tachycardia is shown in Figure 6. Ventricular 
tachycardia has a high beat rate but is distinguished 
from fibrillation in that it is essentially regular, so 
80 that the ratio of the energies contained in the ECG 
trace above and below the isoelectric line is essen- 
tially constant. Thus, if the energies above and 
below the isoelectric line for a suitable number of 
successive samples are measured, and the ratio of 
85 these energies calculated, and this calculation repe- 
ated for successive groups of samples, the energy 
ratios of the successive groups or "windows" may 
be compared. If these ratios are substantially the 
same, then fibrillation may be eliminated as a poss- 
90 ible condition. 

It has been found that the energy ratio prepared as 
above is appreciably affected by the presence of 
base-line noise, which is random and cannot be con- 
trolled. The effect of base-line noise can be elimi- 
95 nated by setting amplitude limits above and below 
the base-line and eliminate the signals between 
these limits from the energy totals above and below 
the isoelectric point. These limits are chosen 
experimentally. Elimination of the effect of noise in 
100 this way reduces the variability of the energy ratios 
obtained from normal sinus rhythm. 

A suitable duration for each "window" is 2 sec- 
onds, corresponding to 500 successive ECG readings 
at 0.004 second intervals. It has been found that 
105 durations much shorter than this (e.g. 1 second) do 
not allow analysis of very low heart beat rates. 
Periods of 3 seconds or above tend to even out the 
energy ratio even in the event of irreigular heart activ- 
ity so that a "normal" result may be obtained when 
1.10 fibrillation is actually occurring. 

Using 2-second "windows".and elimination of 
noise as mentioned above a result from this test is 
considered "normal" if the energy ratio is within 
20% of the mean ratio for at least 7 out of 1 0 win- 
115 dows. 

An alternative way of carrying out this test is to 
measure the energy ratios of successive windows as 
described above and calculate the variance. How- 
ever, this procedure is less reliable as a ratio from a 
1 20 single window which differs widely from the others 
has a very big effect on the variance. 
A third test for distinguishing normal sinus rhythm 
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from ventricular fibrillation comprises analyzing 
statistically the slopes of the ECG signal. It will be 
seen from Figures 3a and 4a that the NSR trace has a 
high proportion of zero gradient and that most of the 
5 non-zero gradients are relatively steep. On the other 
hand the VF trace has little zero gradient and a more 
or less random distribution of non-zero gradient. If 
the traces are differentiated and a histogram is plot- 
ted showing the statistical distribution of the slopes 
1 o of each trace, the histogram for SNR shows a much 
narrower distribution of slopes than VF. 

The width of these histograms may be expressed 
algebraically as the variance (the square of the stan- 
dard deviation) of the population of the gradients of 
1 5 the traces. The variance of a trace may be calculated 
using a programme sub-routine by differentiating 
the ECG trace by suitable processing of the samples 
stored in the computer and slotting the gradients 
obtained in a series of "pigeon-holes" (e.g. +20/ 
20 +10, +5,0, -5, -10, -20). The variance c^isthen 
calculated by the sub-routine from the following 
equations: 

*= -j^ [ft *i + fax a ....fnxn] 

25 , _ _ . 

^ = -L [ fl ( X1 - x) 2 + f 2 (x 2 - x) 2 . . . . f« (x n - x) 2 ] 
N 

w here x = mean value of the gradients obtained 
N = number of gradients obtained 
30 xn = value of a gradient 

fn = frequency of xn 
n = number of pigeon-holes. 
It is considered that a variance of below 75 is rep- 
resentative of SNR and a variance above this figure 
35 indicates ventricular fibrillation. 

The above-mentioned tests together give a reli- 
able detection of ventricular fibrillation but there are 
certain types of tachycardia for which they can give a 
false indication of fibrillation as the zero content and 
40 variance values may be outside the above- 
mentioned limits. Some types of tachycardia which 
may result in such a false detection are shown as 
ECG traces in Figures 7 a-d and they can fulfil at least 
two of the above-mentioned criteria to indicate fibril- 
45 lation. 

However it will be noted that all the traces 7 a-d 
contain at least a weak or distorted QRS complex 
occurring at regular mtervals and this complex is 
associated with the steepest negative slope of the 

50 whole cycle of operation of the heart. If this slope is 
detected and the interval between successive detec- 
tions (the R-R interval) measured, comparison of the 
intervals will indicate the presence or absence of a 
regular QRS complex. 

55 This comparison can be carried out by differentiat- 
ing a suitable number of successive samples (such 
as 250) and taking the steepest negative slope as a 
reference value. The remainder of the stored sam- 
ples are then differentiated and scanned and the 

60 time intervals at which like slopes occur are 

recorded. A "like" slope is one which is with a pre- 
determined range on either side of the reference 
value: a suitable range is 20%. 
This scanning is continued until a suitable number 

65 of like slopes (such as 8) have been detected. The 



R-R intervals between them are then compared and 
if a predetermined proportion (such as 5 out of 8) are 
equal within predetermined limits absence of fibrilla- 
tion is recorded. If this criterion is not met, "rate 
70 irregular" is indicated and if no detections at all are 
made in a given period, such as 3 seconds, "no rate 
detected" is indicated. 

This test may give a false result if any artifact 
occurs during the "learning" period in which the 
75 reference value is established. Any artifact is likely to 
produce a negative slope which is greater than that 
of the QRS complex and consequently becomes 
selected as the reference value. This possibility may 
be eliminated by following the procedure for establ- 
80 ishing a reference value twice over adjacent 250- 
sample batches and taking the lower of the two val- 
ues thus established as the reference value. 

In the accompanying drawings, Figure 8 shows 
schematically a flow diagram of a pattern recogni- 
85 tion system intended to carry out the above- 
mentioned functions. 

Referring to the diagram, a conventional ECG unit 
comprising electrodes to receive electric signals 
from a patient feeds the signals directly to a filter 
90 unit 2. Unit 2 comprises a Sallen and Key band-pass 
filter, the circuit of which is shown in Figure 9 
together with the values of the circuit components. 
The frequency response of this filter is approxi- 
mately as shown in Figure 10. 
95 The filtered signal is then passed to an analogue 
digital converter of conventional type 3 in which the 
signal is sampled at intervals of 0.004 seconds and 
the samples are expressed in digital form. The digit- 
ised signals are then passed to a computer installa- 
1 00 tion for subsequent processing. 

In one suitable arrangementthe analogue -* digital 
converter is an 8-bit converter interfaced with a CA1 
naked mini ALPHA 16 mini-computer and all proces- 
sing of the samples from the converter is carried out 
1 05 numerically by sub-routines of the computer prog- 
ramme. 

The digitised signals are first multiplied in the 
automatic gain control stage 4 by a scale factor 
related to the maximum value observed in 250 suc- 

110 cessive signals to give standardised values as 

explained above: the maximum limit value may be 
determined by an operator. The standardised sam- 
ples are stored in a memory and when the memory 
contains 1000 successive samples the samples are 

1 1 5 subjected to a series of tests as described below. 
The samples from stage 4 are fed to an energy 
ratio calculation stage 5 in which an energy ratio for 
batches of 500 samples, representing periods of 2 
seconds, are calculated as described above. The 

120 steps in this operation are shown in the flow chart 
11. After setting up the initial registers the batches of 
samples are fed into them and compared with posi- 
tive and negative values, pre-set by the operator, 
corresponding to amplitude limits above and below 

1 25 the isoelectric line (stage 5a). The samples above 
this positive value are stored and added together for 
the batch of 500 successive samples (stage 5b) and 
the samples below the negative value are likewise 
stored and added together (stage 5c). The total 
1 30 obtained from stage 5b is then divided from that 
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from stage 5c (stage 5d) and the ratio is itself stored 
(5e). This process is repeated for successive batches 
of samples, to give a series of energy ratios, until the 
samples from 12 successive seconds of ECG signal 
5 have been processed (stage 7). A set of 6 energy 
ratios, derived from 6 successive batches of 500 
samples each, is thus obtained. 

The samples from the automatic gain control 
stage 4 are also passed to a zero content and slope 

1 0 variance stage 6, which is shown in greater detail in 
flow diagram 6. After setting up the initial registers 
required the samples from stage 4 are fed into them. 
The samples are then compared with a floating zero 
zet by the operator, for example at a value of 20% 

15 above the base-line of the maximum limit (stage 6a). 
Stage 6b determines whether each sample is above 
or below the floating zero: if a sample is above the 
floating zero the sample is stored as such and if it is 
below it is the floating zero value which is stored 

20 (stages 6c and 6d). Stage 6e causes this procedure to 
be continued until a batch of 1000 samples have 
been processed and stored in this manner. 

The successive samples of the batch are then dif- 
ferentiated with respect to time, using a differentia- 

25 tion factor of 7 (stage 6f) to produce a series of gra- 
dients from successive groups of stored samples. 
The gradients obtained from groups of samples 
from stage 6d, which in fact are samples from the 
* floating zero, are zero: the ECG samples from stage 

30 6c give non-zero gradients. All these gradients are 
processed at stage 6g in which the proportion of zero 
gradients in the total number of gradients obtained 
is calculated; The proportion of zero gradients is 
then stored. 

35 The gradients obtained are also processed at stage 
6h in which the gradients are allocated or "slotted" 
into a series of pigeon holes having values, 20, 10, 5, 
0, -5,-10 and -20. The number of gradients in each 
slot is then totalled (stage 6i) and the statistical var- 

40 iance of the frequency distribution thus obtained is 
calculated (stage 6j). The variance value obtained for 
the batch of 1000 samples is then stored. 

When 1 2 seconds of ECG signal have been anal- 
yzed as above the stored magnitudes obtained are 

45 compared with predetermined criteria. The propor- 
tion of zero gradients obtained from stage 6g is 
compared with a set limit which is set at 68% (stage 8) 
and if it exceeds this value the ECG signal is classed 
as normal using this criterion: if it is less, an 

50 "abnormal" signal is generated. The variance value 
from stage 6j is compared with the set limit of 75 
(stage 9) and if it is less than this value the ECG signal 
is classed as normal using this criterion: if it is grea- 
ter an "abnormal" signal is generated. 

55 The mean of the energy ratios from stage 5d is 
calculated (stage 9) and the number of ratios which 
is within 20% of this mean is calculated (stage 10). 
The ECG signal is classed as normal by this criterion 
if at least 4 out of 6 of the energy ratios are within 

60 these limits: if 3 or less are outside these limits an 
"abnormal" signal is generated. 

If any 2 of these 3. criteria indicate a normal ECG 
signal, i.e. only one or no "abnormal" signal is gen- 
erated (stage 1 1 ) an output signal indicating absence 

65 of fibrillation is emitted (stage 12). However if at . 



least 2 of these criteria indicate an abnormal ECG 
signoi a rate detection routine 13 is initiated to con- 
firm the presence of fibrillation. 
The rate detection routine is shown in flow chart 

70 13. After setting up the initial registers required the 
samples from the automatic gain control 4 are stored 
and 250 successive samples are differentiated and 
the steepest negative slope from the gradients 
obtained is determined (stage 1 3a) to give a refer- 

75 ence value. Limits of ±20% of this reference value 
are then set (13b). The remainder of the samples are 
differentiated (13c) and in stage 13d the gradients 
are scanned for values within the limits determined 
at stage (13b). if no gradient within these limits is 

80 detected within 3 seconds (i.e. within 750 samples) 
stage 13d causes a "no rate detection" signal to be 
emitted. If a gradient within the limits a counter 13e 
is started to measure the time elapsing before the 
next slope within these limits is detected. If no such 

85 slope is detected within the 3 seconds following the 
first slope detected a "no rate detected" signal is 
again emitted (stage 13f): if the time elapsed is jess 
than 3 seconds the time recorded is stored (13g). The 
counter is then set to zero (13h) and the procedure of 

90 stages 13e to 1 3h is repeated until a total of 8 times 
between gradients has been accumulated. 

The mean of these times is then calculated (13i) 
and limits of ±20% of this mean are set (13j). The 
number of individual times within these limits is 

95 then deduced (13k) and if at least 5 out of the 8 times 
are within the limits an "ECG normal" signal is emit- 
ted by stage 1 2. If 4 or less of the times are outside 
these limits a "ventricularfibrillation detected" 
signal is emitted. 

1 00 The rate detection routine thus indicates fibrilla- 
tion when either the maximum negative gradient is 
not repeated for 3 seconds or when at least half of 
the intervals between these gradients differ from the 
mean by more than 20%. 

105 In order to avoid a false result because of artifact 
the prpcedure of stages 13a and 13b may be repe- 
ated on successive batches of 250 samples and the 
lesser of the reference gradients obtained taken as a 
standard. 

110 The arrangement described above is capable of . 
analyzing an ECG signal and indicating possible fib- 
rillation within 1 5 seconds and may be used in a 
hospital ward, especially an intensive care unit, to 
indicate malfunction of a patient's heart rapidly. 

1 1 5 Instead of or in addition to a visual or acoustic output 
the apparatus could be connected to a defibrillator to 
administer a defibrillation shock to the patient when 
fibrillation is indicated. 
The above-described procedure for detecting ven- 

120 tricular fibrillation may be operated using a compu- 
ter of known type which contains a programme to 
carry out the necessary logic operations. The com- 
puter may be connected to a graphic terminal to dis- 
play the fluctuating signal from the patient visually 

125 when a signal indicating fibrillation is emitted by the 
computer, and to a.hand copy unit to print out a 
permanent record of the signal from the patient if 
required. The computer may comprise one or more 
microprocessors, suitably programmed, and mic- 

130 roprbcessors which may be used include those 
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availablecommerciallyunderthe following designa- 
tions: Motorola 6800, Intel 8080. 8085, 808 and 
8048 Zilog Z80 and Z8000. Mostck/Fairch.ld 3870, 
Texas Instruments 9900 series and RCA 1802. The 
5 use of a microprocessor may enable a fully portable 
unit capable of detecting fibrillation and administer- 
ing a defibrillation shock to be provided, for use in 
emergency situations in the field as well as in hospi- 

tals. 
10 CLAIMS 

1 Pattern recognition apparatus comprising a 
pair of electrodes adapted to be connected to the 
body of a patient to receive an electric signal fluc- 
tuating about an isoelectric line, means for sampling 
1 5 the signal received at intervals and converting the 
magnitudes of the samples from analogue to digital 
form, automatic gain control means for standardis- 
ing the magnitudes of the digitised samples to a 
predetermined maximum value, and a computer 
20 arranged to analyze the standardised samples to 
detect an abnormal physiological condition. 

2 Apparatus according to claim 1, in which the 
computer is arranged to total the magnitudes of the 
samples respectively above and below the isoelec- 
25 trie line for successive batches of samples, calculate 
the ratios of the respective totals so obtained, com- 
pare the ratios of the successive batches and emit a 
signal indicating an abnormal condition if the prop- 
ortion of ratios within predetermined limits above 
30 and below the mean of the ratios is below a pre- 
determined value. 

3 Apparatus according to claim 2, in which the 
computer is arranged to set limits respectively above 

and below the isoelectric line and only the samp es ^ 
35 above and below the respect.ve upper and lower limits ^ Apparatus accordin g to claim 12, 13 or U.n 

which 8 successive intervals are calculated and a 



mined value for both the inverted and uninverted 

S To P ' e Apparatus according to claim 8 or 9. in which 
the computer is arranged to set a limit above the 
isoelectric line of 20% of the maximum magmtude of 
the standardised digital samples and to generate a 
signal indicating an abnormal condition if less than 
68% of the magnitudes are counted as zero 

1 1 Apparatus according to claim 1 , in which the 
75 computer is arranged to differentiate groups of 

samples of a batch with respect to time to determine 
the gradient of each group, calculate the variance of 
the gradients in the batch and generate a signal indi- 
cating an abnormal condition if the variance exceeds 
a predetermined value. . 

12 Apparatus according to claim 1 , in which the 
computer is arranged to differentiate a group of suc- 
cessive samples in a batch with respect to time cal- 
culate the greatest negative slope obtained, differen- 
tiate subsequent groups of the batch, calculate the 
time intervals between successive negative slopes 
which are within predetermined slope limits above 
and below said greatest negative slope taken as a 
reference value, calculate the mean of said time 
intervals, calculate the proportion of intervals within 
predetermined time limits above and below said 
mean and generate a signal indicating an abnormal 
condition if said proportion is below a predeter- 
mined value. . . 

13 Apparatus according to claim 12, in which 

said predetermined slope limits are 20% above and 
below the greatest negative slope. 

14 Apparatus according to claim 12 or 13, in 

which said predetermined time limits are 20% above 
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are totalled. 

4 Apparatus according to claim 2 or 3, in which 
the computer is arranged to calculate the mean of 
the ratios from successive batches, calculate the 

40 proportion of ratios within ±20% of the mean value 
and generate a signal indicating an abnormal condi- 
tion if said proportion is less than a predetermined 

value. . , . . 

5 Apparatus according to claim 4, in which the 
45 mean of 6 successive batches is calculated and the 

signal indicating an abnormal heart condition is 
emitted if said proportion is less than 4 out of 6. 

6 Apparatus according to any one of claims 2 to 
5 in which each batch contains the samples from a 

50 duration of 2 seconds. .. h1h . 

7 Apparatus according to claim 1, in which the 
computer is arranged to calculate the proportion of 
samples of zero magnitude from a batch of succes- 
sive samples and generate a signal indicating an 

55 abnormal condition if said proportion is less than a 
predetermined value. 

8 Apparatus according to claim 7, in which the 
computer is arranged to set a limit above the isoelec- 
tric line and count all the sample magnitudes below 

60 said limit as zero. 

9 Apparatus according to claim 8, in which the 
computer is arranged to invert the samples, again 
calculate the proportion of samples of zero mag- 
nitude and generate a signal indicating an abnormal 

6 5 condition if said proportion is less than a predeter- 



signal indicating an abnormal condition is generated 
if no more than 4 intervals are within said predeter- 

105 mined time limits. ' . ..j-.,, 

1 6 Apparatus according to any one of claims 1 2 
to 15,'in which a signal indicating an abnormal con- 
dition is generated if one of said time intervs.s 
exceeds 3 seconds. 
110 17 Apparatus according to any one of claims 12 
to 16 in which two groups of successive samples _ 
from a batch are differentiated, the greatest negative 
slope from each is calculated and the lower of the 
two slopes taken as the reference value. 
115 18 Apparatus according to claim 1. in which he 
computer's arranged to total the mag nitudes of the 
samples respectively above and below the isoe too- 
trie line for successive batches of samples calculate 
the ratios of the totals so obtained, calculate the 
120 mean of the ratios, calculate the Proportion « the 
ratios which are within predetermined I rn t .above 
and below the mean and generate a_f.rst s.gnal ,f this 
proportion is below a predetermined value 
P calculate the proportion of samples o zero mag 
125 nitude from a batch of successive samples and gen- 
erate a second signal if this proportion is below a 
predetermined value, u„- h »,ith 
differentiate groups of samples of a batch w.th 
respect to time to determine the gradients of each 
130 group, calculate the variance of the gradients m the 
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batch and generate a third signal if the variance 
exceeds a predetermined value, 

generate a fourth sigral if any two of said first, 
second and third signals are generated, 
5 in response to said fourth signal, differentiate a 
group of successive samples in a batch with respect 
to time, calculate the greatest negative slope 
obtained, differentiate subsequent groups of the 
batch, calculate the time intervals between succes- 

10 sive negative slopes which are between predeter- 
mined slope limits above and below said greatest 
negative slope, calculate the mean of said time 
intervals, calculate the proportion of intervals within 
predetermined time limits above and below said 

15 mean and generate a fifth signal indicating an 
abnormal condition if said proportion is below a 
predetermined value. 

1 9. Apparatus according to any preceding claim, 
including a filter between the electrodes and the 

20 means for sampling the signals to remove signal 
frequencies above and below respective upper and 
lower limits. 

20. Apparatus according to claim 18, in which the 
filter is arranged to remove frequencies below 3 HZ 

25 and above 18 HZ. 

21. Apparatus according to any preceding claim, 
including a visual or acoustic warning device actu- 
able by the warning signal. 

22. Apparatus according to any preceding claim, 
30 including a defibrillator arranged to administer a 

defibrillating shock to the body of a patient in 
response to said signal indicating an abnormal con- 
dition, 

23. Pattern recognition apparatus, substantially 
35 as hereinbefore described with reference to the 

accompanying drawings. 

24. A method of pattern recognition, in which a 
fluctuating electric signal is received from a patient 
and sampled at intervals, the magnitudes of the 

40 samples are converted from analogue to digital form 
and standardised to a predetermined maximum 
value, and the standardised samples are analyzed to 
detect an abnormal physiological condition. 

25. A method of diagnosing ventricular fibrilla- 
45 tion, in which an electric signal received from elec- 
trodes attached to a patient is sampled at intervals, 
the magnitudes of jhe samples are converted from 
analogue to digital form and standardised to a pre- 
determined maximum.veiue, and the standardised 

50 samples are analyzed to detect parameters of the 
signal characteristic of ventricular fibrillation. 

Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd 
Berwick-upon-Tweed. 1981. 

Published at the Patent Office. 25 Southampton Buildings. London. WC2A 1 AY 
from which copies may be obtained. 



2070871 



3/7 



INPUT 

E.C.G 



FILTER 



-2 



A/D CONVERTER 



-3 



Fig. 8 



EXTERNAL 
HARDWARE 



AGC WOO 
SAMPLES 



CA/C, ENERGY 
RATIO OVER 

500 SAMPLE PERIOD 



CAIC ) ZERO 
CONTENT 



STORE VALUES 



I 



CA/C VARIANCE 



HAS 12 sec. OF 
ECG BEEN 
ANALYSED ? 




COMPUTER-^ 
SOFTWARE 




COM P. ZERO 
CONTENT 
WITH SET LIMIT 



8. 



7 



COMP. VAR VALUE 
WITH SET LIMIT 




9 



TAKE MEAN OF 
\ENERGY RATIOS 



10 

_L_ 



COMP. MEAN ± 20% 
(LIMITS) WITH EACH 
RATIO . 



J 



IV 



13- 



12- 



ANY 2 CRIT. 
INSIDE SPEC? 



NO 



RATE ROUTINE 



YES 



ENERGY 
RATIO 
COMPARISON 
-1 — 




I 



OUTPUT RESULT 



2070871 



4/7 



Fig. 5 




Fig. 6 




th/PUT 
o — vw-*-ww 



Ri R2 



Fig. 9 




OUTPUT 
o 



LOW PASS FILTER 

C1 -C2 = 0 22/UF 
f 0 =£± 78-5 Hz 



HIGH PASS FIL TER 

R 3 = 560 KJl 

R4 = 120 K-n 
C3 =C4 = 0 22/jF 

f 0 ^= 3 Hz 



Fig. 10 



3 Hz Id Hz 



2070*71 

5/7 



Fig. 11 



SET UP 

IMJT/AL 
REGISTERS 










INPUT DATA 
E.C.G 



COMPARE WITH UPPER + 
LOWER LIMITS SET BY 
OPERATOR 



■5(a) 



S TORE VA L UES ABOVE UPPER 
LI MIT AND ADD TOGETHER(a) 



■5(b) 



S TOR £ VALUES BELOW LOWER 
LIMIT -hADD TOGETHER (d) 



■5(C) 



CALCULATE A_ 
B 



-5(d) 



STORE RAT/O V 'A LUES 



-5(e) 



ENERGY RATIO CALCULATED 



OVER A PERIOD OF 500 SAMPLES(2S 



2070871 



6/7 



SET UP 
INITIAL 
REGISTERS 

1 



INPUT DATA 
E.C.G 



COMPARE WITH 
FLOATING ZERO SET 
BY OPERATOR 



BELOW 



Fig. 12 



IS DATA BELOW OF 
ABOVE SET LIMITS ? 



6(a) 
6(t) 



ABOVE 



STORE E.C.G 
VALUE ■ 

T 



STORE SET 
LIMIT VALUE 



6(d) 



6(c) 



HAS 1000 
SAMPLES BEEN 
ANALYSED 



-6(e) 



DIFFERENTIATE STORED 
DA TA (DIFFER FACTOR- 7) 



7 



6(f) 



ACCOUNT N° 

OF ZERO 
GRADIENTS 



L 



6(h) 



COMPARE. SLOPES WITH 
RANGE:- 



STORE VALUE 



L 



6(0 



A CUMULATE VALUES WHICH 
LIE WITHIN THESE 
RANGES 



Flow chart of zero content 
and variance of slope 
calculation. 



L 



CALC STATISTICAL 
VARIANCES OFFREQ. 
D/ST.OF SLOPES- 



7/7 



2070871 



SET UP INITIAL 
REGISTERS 



I 



SPEC: 5 OUT OF d BEATS 

INSIDE SPEC THEREFORE 
PATE CLASSED REGULAR 
AND HENCE OK. 



LEARN GREATEST 
A/EG SLOPE BY DlFF. 



I 



-13(d) 



SET LIMITS OF 
t 20% 



I 



Fig. 13 



DIFFERENTIATE DATA E.CG 



"-13(b) 
13(c) 



HAS SLOPE BEEN 
DETECTED INSIDE 
3 SEC 



NO 



YES 



START COUNTER CI 



^ 13(d) 

-13(e) 



I 



HAS NEXT SLOPE BEEN 
DETECTED INSIDE 3 SEC. 



'3(f) 



NO 



YES 



STORE VALUE ci 



X 



NO 



ZERO COUNT ER C1 
I 



■13(g) 

-\3(k) 



HAVE 9 BEATS SEEN 
' DETECTED ? 



N.R.D.3* 
NO RATE 
DETECTED 



N.R.D3* 
NO RATE 
DETECTED 



YES 



CAIC MEAN OF 
CI COUNTS 



I 



I3(k} 



COMP MEANt2<fi (UMIIS) 
WITH EACH COUNT- 



■I3(i) 



■13(j) 



IS SPEC. SATISFIED 
\ECG CLASSED OK 



NO 



V.F. DETECTED 



R 1 Z* 

RATE IRREGULAR 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defectsin the images include but are not limited to the items checked: 



U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





LINES OR MARKS ON ORIGINAL DOCUMENT 



